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SPECIFIC  CHARACTERISTICS  OF  HIGH-VOITAGE  POISED  CAPACITORS 

V.  ¥.  Konotop  and  S.  R.  Fertik 

Khargkov  Polytechnical  Institute  imeni  Vo  I*  Lenin 

Durability  [life]  is  the  most  important  technical  and  economic 
indicator  of  any  industrial  product,  including  high-voltage  power 
capacitors. 

During  a  comparative  evaluaticn  of  various  types  of  capacitors 
one  should  necessarily  take  this  factor  into  account.  Let  us  recall 
that  usually  we  use  so-called  specific  qualitative  characteristics  of 
capacitors  which  do  not  take  life  luto  account.  These  include 
specific  weight,  unit  cost  and  unit  volume  which  are  actual  weight  A, 
cost  S  and  volume  V  of  the  capacitor  referred  to  its  energy  index  E 
[1  and  2].  As  the  latter  factor  for  power  capacitors  oporating  in 
alternating  current  circuits,  for  oxample,  cosine  and  series 
capacitors,  wo  use  the  reactive  pcwer  of  the  capacitor  Q,  and  for 
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poised  and  filter  capacitors,  stored  energy  8. 


Thus,  for  power  capacitors  we  have: 


(1) 

*** — a* 

(2) 

V  =.  — 

3  ' 

C3) 

S  — “ 

—  a  * 

Soaetiaes  inverse  values  are  used,  for  exaaple: 

(4)  5yA  =  -J". 

Such  specific  characteristics,  however,  are  applicable  for 
coaparative  evaluation  of  capacitors  only  in  the  case  when  the 
conpared  objects  have  an  identical  rated  life. 

Actually  this  is  far  fron  the  actual  case,  in  particular  for 
pulsed  capacitors  which,  depending  on  their  designation,  are 
developed  for  one  or  another  life  significantly  differing  froo  the 
accepted  average  values  of  the  life  of  power  capacitors  for  general 
application.  Thus,  high-voltage  pulsod  capacitors  intended  for 
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physical  investigations  cf  powerful  aagnetic  fields  or  hot  plasaa  aro 
often  designed  for  a  total  of  1-2  thousand  discharges.  Along  with 
this  capacitors  for  electrohydraulic  installations  or  for  forsing 
lines  operating  with  a  repetition  frequency  of  1-50  Uz  aust  have  an 
average  life  of  10*-10*  discharges. 

The  individual  approach  to  establishing  the  life  of  one  or 
another  type  of  capacitor  is  deterained  not  only  by  econoaics  but 
soaetiaes  by  purely  technical  ccnsiderat ions,  inasauch  as  a  decrease 
of  the  life  aakes  it  possible  tc  correspondingly  reduce  the  weight, 
voluae.  and  inductance  of  the  capacitor.  Therefore  for  capacitors 
having  a  different  rated  life  specific  indices  aust  be  introduced 
which  take  the  life  into  account  as  well  as  weight,  cost*  and  voluae. 


For  pulsed  capacitors  one  should  take  into  account  the  rated  and 
average  life  (the  nunber  of  charge- discharge  cycles  which  the 
capacitor  will  withstand  before  failure)  and  refer  a  specific 
characteristic  to  a  single  discharge.  Then  instead  of  (3)  we  obtain: 


C5) 


,  _  *  r  KTh  i 

fPV I  d.hc ■  p.i  i i>'H)  I* 


And  likewise 
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The  latter  foraula  is  very  graphic.  It  expresses  the  component 
cost  of  a  single  pulse  (discharge)  expendable  for  depreciation  of  the 
capacitor  referred  to  the  energy  stored  in  the  capacitor* 


The  specific  characteristics  taking  into  account  the  life  of  a 
poised  capacitor  could  be  designated  and  named:  a^  -  specific 
economic  weight,  s^  -  specific  cost,  v^  -  specific  economic 
volume. 


Let  us  examine  the  suggested  specific  characteristics  in 
soaewhat  more  detail  using  the  exavple  of  pulsed  capacitors  for 
general  application. 

For  this  wo  analytically  express  the  specific  characteristics  of 
the  capacitor  through  the  average  life. 

For  establishing  the  connection  between  the  average  life  and  the 
gradient  for  cosine  capacitors  in  a  relatively  narrow  range  with 
respect  to  lifo  vo  use  a  formula  cf  the  form  [1]: 


(7) 
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where  E  -  Intensity  of  the  electrical  field  in  the  dielectric; 

t  *  average  life  with  a  gradient  E; 

k  and  ■  -  coefficients,  depending  cn  the  mode  of  operation  of  the 
capacitor,  technology  of  its  aanufactnre,  peculiarities  of 
construction  and  a  nuaber  of  ether  factors. 

Thus  for  example,  for  paper  capacitors  itpregnated  with  liquid 
dielectric  operating  with  alterratlng  current,  m  may  have  the  values 
7-8  [1],  10  [3],  and  12-14  [4].  For  capacitors  operating  with 

direct  current,  m=16  [3]. 

The  performed  investigations  showed  that  for  pulsed  capacitors 
with  paper-oil  insulation  the  dependence  of  the  working  gradiont  on 
the  average  life  nay  be  expressed  by  an  analogous  empirical  formula 
of  the  form  [5], 

(8! 

where  Ett  -  intensity  of  the  electrical  field  with  which  the 
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capacitor  could  theoretically  operate  an  infinitely  long  tine;  in 
narrow  range  with  respect  to  life  we  eay  accept  e„  =0. 

N  -  the  average  life  of  a  capacitor  with  gradient  B» 

As  is  knovn  the  weight  of  the  capacitor  in  kilograms  eay  be 
found  approximately  according  tc  the  foraula 

(9)  A  =  1.13  10'Yt^-. 

where  B  -  working  gradient*  V/c s •. 

0  -  working  voltage,  V; 

C  -  capacitance; 

€  -  relative  dielectric  constant; 

k2  -  coefficient  of  filling  of  the  volune  of  the  capacitor  with 

active  dielectric; 

y  -  specific  gravity  of  the  dielectric,  g/cm3. 
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Coefficient  k2  is  equal  t.o  the  ratio  of  the  weight  of  the  active 
part  of  thD  working  dielectric  of  the  capacitor  to  its  total  weight 
and  depends  both  on  the  parameters  of  the  capacitor  (working  voltage, 
capacitance,  life)  and  on  the  perfection  of  its  construction. 

Let  us  find  for  which  we  substitute  (9)  into  (5): 


(10) 


aYA  =  2,26-l0*°r 


t 

tk,E'-W 


r  _ _ *££isa^_l 


Saving  substituted  the  value  of  gradient  E  from  expression  (9) 
into  (10)  we  will  obtain: 


(11) 


In  order  to  novo  to  the  specific  cost  of  the  capacitor  let  us 
note  that  inasmuch  as  we  use  fotrula  (9)  and  all  those  following  it 
for  comparison  of  the  sane  type  of  capacitors  which  are  close  to  each 
other  in  their  parameters,  thou  in  the  first  approximation  we  cay 
consider  as  a  constant  coefficient.  Analogously,  in  the  first 
approximation  it  is  possible  to  accept  that  tho  supply  cost  cf  the 
capacitor  is  proportional  to  the  weight  of  the  active  part  of  the 
dielectric.  Ac  shown  by  the  ccst  analysis  of  a  number  of  domestic 
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capacitors,  the  corresponding  proportionality  coefficient  k3  lies  in 
the  Units  of  0.15  to  0.4. 

Then 


•'I 

pv <y  i 

dJ K'paspnd  J  * 

KEY:  rubles/j*discharge. 

where  P»  is  the  cost  of  the  dielectric,  rublos/kg. 

It  would  be  possible  to  write  sore  accurate  and  more  complex 
equations  expressing  the  dependence  of  the  total  weight  and  the 
supply  cost  of  the  capacitor  on  the  weight  of  the  activo  part  of  the 
working  dielectric.  However,  for  the  given  qualitative  investigation 
this  is  apparently  not  required,  especially  as  the  value  K3  is 
affcctad  by  a  number  of  other  factors  which  are  difficult  to  consider 
(technological  effectiveness  of  the  construction,  degree  of 
mechanization  of  production,  level  of  additional  expenses,  etc.). 

tot  us  examine  expression  (1?) «  From  it,  it  follows  that  other 
conditions  being  equal  the  calculated  s^  decreases  in  proportion  to 
the  increase  of  N. 


(12) 


Jrn- 


:2,26.10'°y 
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On  the  basis  of  analysis  of  the  wholesale  cost  of  capacitors  of 
typo  Ifl  producad  by  domestic  plants,  and  also  of  capacitors  produced 
in  ssall  series  at  the  Kbar'Kcv  Pclytech nical  Institute,  depending  on 
the  rated  (guaranteed)  life,  the  figure  shows  plotted  curves. 
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Dependence  of  the  specific  cost  of  discharge  on  the  rated  life  of  the 
capacitor*  e  -  ar«»  I;  A~U;  x-ui,  KF.V:  1.  specific  cost, 
copecks/kJ*discharge;  2.  rated  (guaranteed)  life. 


Values  of  coefficients  e  and  kt  for  capacitors  turned  out  to 
rt^Uul;  for  area  I,  tv-- 0  and  k?~2.5«10fe;  for  area  II,  s-11  and 
hjrl.t*106;  for  area  III*  and  kg=1.fs ®  10^. 
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capacitors  with  insulation  of  capacitor  paper  iapregnated  with 
capacitor  oil. 

These  curves  enclose  three  areas: 

/ 

Area  r  encompasses  pulsed  capacitors  operating  at  an  equivalent 
load  of  more  than  1  0,  with  a  discharge  repetition  frequency  not 
greater  than  0.1-0.01  Hz  (for  example,,  circuits  of  generators  of 
pulsed  voltage  and  current  in  high-voltage  electrical  engineering 
laboratories*  and  some  electrohydraulic  installations). 

Area  II  encompasses  pulsed  capacitors  operating  at  very  small 
equivalent  loads  on  the  order  of  0.01-0.1  Q  (installations  fcr  some 
physics  research,,  for  magneto-pulse  treatment  of  metals*  and  so 
forth).  The  repetition  frequency  is  usually  not  greater  than  0.1  Hz. 

Area  III  -  capacitors  discharging  to  loads  on  the  order  of  10 
ohms  with  a  repetition  frequency  of  25-100  Hz  (circuit  of 
high-voltage  forming  lines*  some  electrohydraulic  installations* 
ofc  c. ) . 

It  should  bo  ccnsidorod  that  the  average  life  of  a  capacitor  is 

usually  not  loss  than  2-3  tiwes  higher  than  the  rated  (guaranteed) 


life 
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The  relationships  given  above  apparently  relate  to  the  case  whon 
capacitors  are  always  operated  under  nominal  conditions  with  respect 
to  charge  voltage  and  lead.  If  under  actual  conditions,  as  this  often 
happens,  the  capacitor  is  used  with  various  values  of  the  charge 
voltage  U$UH,  then  its  wort  capacity  will  naturally  increase. 

Nortaally  the  operation  of  a  capacitor  is  provided  for  at  several 
different  (discrete)  operating  voltages  Ut,  U2,  ...,  0k  ,  ...,  UH  , 
to  which  corros pond s  a  li f o  N|,  K 2 ,  ...,  ,  ...,  K ^  .  If  at  e ac h 

voltage  the  capacitor  operates  p  «/o  of  the  time  so  that 
P«  +  P*4’*  ••  *P*  =100  °/o  *  then  the  rated  life  of  the  capacitor 

is  increased  and  will  apparently  be  equal  to: 


(13) 


A'pj — 


100 

H  * 


k  =» 


where  Hp  -  rated  life  of  the  capacitor  taking  into  account  the 
charging  conditions  in  the  given  installation. 

Talcing  into  account  that  for  a  pulsed  capacitor  a  relationship 


of  the  fore 
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(14) 


A', 
A\  ’ 


is  valid. 


and  substituting  (15)  into  (14)  ve  obtain 


(15) 


N 


ioo,v» 


p  -  H 


E*(&jT 


where  Hh  -  rated  life  at  the  noainal  voltage® 


The  relationships  given  abc  -e  nay  be  used  by  developers  of 
high-voltage  pulsed  capacitors  and  designers  cf  high-voltage  pulsed 
installations  for  technological  purposes  and  for  scientific  research. 
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